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Essays On Inequality And Frictions In The Labor Market
Abstract
Frictions in the labor market are important forces driving the unequal outcomes in wages, mobility, and
work arrangements. I study the life cycle gender wage gap and alternative work arrangements in labor
markets with information frictions and search frictions.
The first chapter proposes a novel mechanism behind the life cycle gender wage gap: female workers are
offered wage contracts that suppress future job mobility because of employers’ screening under
asymmetric information about female job attachment. Job attachment is lower among women than men,
with substantial individual-level heterogeneity. Employers value job attachment but job attachment is not
directly observed. I show that the information problem of female job attachment is detrimental to female
labor market outcomes. I propose a model where there is information asymmetry about female job
attachment but not about male job attachment in a frictional labor market. To screen for female job
attachment, employers offer separating wage contracts that distort the wage profiles of high-attachment
women. The distortions suppress female job-to-job mobility, resulting in worse labor market outcomes
than comparable men.
The second chapter empirically investigates the life-cycle gender differences in labor market outcomes,
based on the theoretical framework developed in the previous chapter. Using data from the National
Longitudinal Survey of Youth, I document substantial gender differences in the likelihood of employmentto-nonemployment transitions, confirming the central assumption of the theoretical model. I document
empirical evidence on the gender differences in job mobility and wage return to tenure, consistent with
the theoretical predictions. I quantitatively implement the model and assess the contributing factors to
the gender wage gap. The parameterized model generates gender gaps in wage growth and distribution
along the job ladder. I show that the gender differences in the job value distribution are the main
contributor to the gender wage gap.
The third chapter studies alternative work arrangements in an environment with moral hazard and
adverse selection. Workers are hired on a per-task basis, whose effort and marginal product may not be
observed. The employer chooses between offering a bonus contract and selling off the task. Bonus
contracts provide workers with insurance against output risks but subject them to organizational
uncertainty. Allowing workers to buy out the task induces higher worker effort but provides no risk
sharing. I characterize the tradeoff between the two arrangements. Adverse selection limits the use of the
latter arrangement on low marginal product workers and hence the employer’s ability to induce their
effort.
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ABSTRACT
ESSAYS ON INEQUALITY AND FRICTIONS IN THE LABOR MARKET
Ni Wang
José-Víctor Ríos-Rull
Frictions in the labor market are important forces driving the unequal outcomes in wages,
mobility, and work arrangements. I study the gender wage gap and alternative work arrangements in labor markets with information frictions and search frictions.
The first chapter proposes a novel mechanism behind the life cycle gender wage gap: female
workers are offered wage contracts that suppress future job mobility because of asymmetric
information about female job attachment. Job attachment is lower among women than
men, with substantial individual-level heterogeneity. Employers value job attachment but
job attachment is not directly observed. To screen for female job attachment, employers offer
separating wage contracts that distort the wage profiles of high-attachment women. The
distortions suppress female job-to-job mobility, resulting in worse labor market outcomes
than comparable men.
The second chapter empirically investigates the life-cycle gender differences in labor market outcomes, based on the theoretical framework developed in the previous chapter. Using
data from NLSY79, I document empirical evidence on the gender differences in labor market
transitions and wage return to tenure, consistent with the theoretical assumptions and predictions. The parameterized model generates gender gaps in wage growth and distribution
along the job ladder. I show that the differences in the job value distribution are the main
contributor to the gender wage gap.
The third chapter studies alternative work arrangements in an environment with moral
hazard and adverse selection. Workers are hired on a per-task basis, whose effort and
marginal product may not be observed. The employer chooses between offering a bonus
iv

contract and selling off the task. Bonus contracts provide workers with insurance against
output risks but subject them to organizational uncertainty. Allowing workers to buy out
the task induces higher worker effort but provides no risk sharing. I characterize the tradeoff
between the two arrangements. Adverse selection limits the use of the latter arrangement
on low marginal product workers and hence the employer’s ability to induce their effort.
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CHAPTER 1
Job Attachment and Life Cycle Gender Wage Gap: A Theory
1.1. Introduction
Employment interruptions are more common among women than men, and women are more
likely to take breaks from the labor force due to nonwork reasons.1 Job attachment, the tendency to stay in the workforce, is valued by employers because of the costs of filling vacant
jobs and losses of output. In this chapter, I argue that the gender difference in job attachment detriments the earning prospects of all women, including those who are less likely to
experience employment interruptions. I propose a theory that characterizes a novel mechanism behind the gender wage gap: information asymmetry about female job attachment
leads to wage distortions that suppress female job mobility, resulting in women’s lower wage
growth and slower progress on the job ladder. Wage distortions arise because wage trajectory
is a useful screening device for employers to distinguish job attachment among female applicants. High-attach women value future wages more than low-attachment women because the
former see a lower likelihood of future nonemployment. I show that in contrast to the direct
effects of employment interruptions on people who separate from the workforce, the indirect
effects of lower female job attachment are ex-ante costs borne by high-attachment women.
The theoretical model investigates the effects of information asymmetry about female job
attachment on women’s labor market outcomes. Female workers are privately informed of
their individual exogenous rate of separating from jobs into unemployment, which I refer to
as “job attachment". I interpret the exogenous separation rate as stemming from issues not
directly related to work, such as family responsibilities. Male workers, on the other hand,
are homogeneous in job attachment. Workers accumulate human capital that increases productivity while employed. Workers and firms meet in a continuum of submarkets of different
characteristics. Workers only visit the submarkets that maximize their expected payoff of
job search in the trade-off between employment value and job-finding rate. Firms can enter
1

Blau and Kahn (2017) surveyed related literature.
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any submarket and post vacant jobs at a cost. Because vacancy filling is frictional and
costly, firms favor workers with high job attachment. I assume that firms perfectly commit to long-term contracts in job postings. Workers with different job attachment discount
future wages differently. High-attachment workers place a higher weight on future wages
because they are more likely to stay in employment than low-attachment workers. Therefore, deferring wage growth by the same amount has smaller impacts on the value delivered
to high-attachment workers. Firms are able to screen female workers’ job attachment by
taking advantage of the difference in discounting of future payoffs. In equilibrium, it is
privately optimal for firms to offer separating contracts in an economy with directed search.
This result arises because firms can always tailor the shape of wage contracts by a sufficiently small amount to make sure that only workers of the preferred type are attracted to
the submarket. I show that wage contracts designed to attract high-attachment women are
distorted due to screening, and the distortions feature additional wage backloading in order
to exclude low-attachment applicants. Such distortions suppress female job-to-job mobility,
leading to slower ascension along the job ladder than comparable men since moving to better
jobs is a crucial factor in lifetime wage growth. On the other hand, low-attachment women
experience more unemployment episodes, which sets back their career and slow down human
capital growth. Taken together, women see worse outcomes in terms of landing and keeping
well-paid jobs on average than comparable men, due to direct and indirect effects of low
female job attachment.
1.1.1. Related Literature
This chapter is closely related to Shi (2009), who showed that firms offer increasing wage
schemes to retain workers in competitive search equilibria where employed workers can
search for other jobs. Similar results of wage backloading in environments with random
search on the job are established in Burdett and Coles (2003) and Stevens (2004). In this
chapter, there is unobserved heterogeneity about job attachment in addition to on-the-job
search. Apart from reducing voluntary job-to-job mobility, there is another reason why it is
privately optimal for firms to backload worker compensation: it helps to select workers with
2

high job attachment.
The idea of using deferred benefits to screen agents with exogenous separation probabilities
can be traced back to early works such as Salop and Salop (1976). The result that employers
post separating contracts is in the spirit of Guerrieri et al. (2010), who studied separating
equilibria with directed search and adverse selection in a static setting. In this chapter, I
study screening using dynamic contracts. Apart from matching probabilities, employers use
an additional screening device, the shape of wage contracts, which separates workers who
differ in the valuation of future wages.
This chapter builds on the literature on on-the-job search in frictional labor markets (Burdett
and Mortensen (1998), Postel-Vinay and Robin (2002), Menzio and Shi (2011)) and the
directed search framework pioneered by Moen (1997). It also contributes to the growing
literature of adverse selection in competitive search equilibria (e.g., Michelacci and Suarez
(2006), Guerrieri (2008), Delacroix and Shi (2013)).
The rest of the chapter is organized as follows. In the next section, I present the model and
analyze the equilibrium properties. The conclusion follows.

1.2. Model
Time is continuous and has an infinite horizon. There is a continuum of workers with a
total measure of one. There are a large number of firms. Workers and firms discount future
payoffs at the same rate ρ > 0. At rate d > 0, workers permanently leave the labor force
and are replaced by an unemployed worker with no work experience. Firms live infinitely.
Workers are risk-averse with instantaneous utility function u(·). Utility function u(·) satisfies
u′ > 0, u′ (0) = ∞, and u′′ < 0. Firms are risk-neutral and operate a constant return to
scale technology.
Workers accumulate human capital while employed. When workers are without a job, the
accumulation stalls and yet human capital does not depreciate. The level of human capital
is the same among workers with the same cumulative work experience x ≥ 0, and they
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produce the same flow output y(x) while employed, where y ′ ≥ 0. Work experience is
publicly observed. Workers produce b > 0 if not employed, independent of human capital.
Workers cannot borrow against or store their output.
1.2.1. Worker Type
Workers are subject to exogenous shocks that force them into unemployment while employed.
The arrival rate of unemployment shocks depends on a worker’s type and experience x. There
are two types of workers: workers with high job attachment or type-h workers, and workers
with low job attachment or type-l workers. Workers are privately informed of their own type.
The rate of separation of a worker with type i and experience level x is δ i (x), i ∈ {h, l}.
And δ l (x) > δ h (x) for any x ≥ 0.
Type compositions differ by gender. Male workers are homogeneous with high job attachment, while female workers are heterogeneous and can be either type. Low-attachment
workers are the female workers who are more likely to quit jobs to spend time in home
production. Among female workers, the fraction of type-i individuals is αi , i ∈ {h, l}.
1.2.2. Job Posting
Workers and firms look to match with each other in a continuum of submarkets. Firms
can enter any submarket freely and post vacancies. Maintaining a posting incurs flow cost
k > 0.
With each job posting, firms announce a contract and a worker type that the contract is
intended for. Note that because a worker’s type is his or her private information, there is
no enforcement of the worker type requirement. Firms fully commit to the contracts. A
contract specifies the firm’s actions for all future contingencies and determines the value
of employment of an employee at any date on the job given the employee’s type. Each
submarket is indexed by an intended type, the expected lifetime utility delivered to a worker
of the intended type, a required experience level, and a gender.
2

2

It is illegal for employers to discriminate based on gender. However, regulations have never eliminated
discrimination in the recruiting process or in the workplace. A recent incident has websites showing different
job ads based on users’ profiles. On an additional note, the expected output from a match with a female
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I assume that firms do not observe and cannot verify any outside offer made to their employees, and that flow transfers must be finite. As a result, it suffices to focus on contracts
that stipulate flow wage at any date on the job, or in other words, wage tenure contracts.
1.2.3. Job Search
Matching is random and anonymous. The number of matches in a submarket with applicants of measure a and vacancies of measure v is determined by a constant-return-to-scale,
differentiable function M (a, v). Market tightness is the vacancy-applicant ratio θ = v/a.
I define the job finding rate function µ(θ) := M (1, θ) and the job filling rate function
ν(θ) := M (1/θ, 1).
Both unemployed and employed workers search for new jobs. Workers tradeoff between
value of employment and market tightness when deciding on which submarket to search
in. For workers of a given type, gender, and experience x, market tightness is a function
of employment value. In a submarket that offers a higher value of employment, market
tightness is also higher and hence job finding rate is lower. Because the same submarket
might deliver different employment values to workers of different types, high-attachment
women and low-attachment women face different market tightness functions Θh (·; x) and
Θl (·; x), given their experience level x. On the other hand, all the male workers of experience
x face the same tightness function Θm (·; x). The gender subscript for female workers and
the type subscript for male workers are omitted for exposition henceforth.
Formally, the job search problem of a female worker of type i, who has experience x and
whose current value of employment (or unemployment) is v, is to maximize the expected
gains across all submarkets:


i ′
max
µ
Θ
(v
;
x)
(v ′ − v).
′
v

(1.1)

The policy function arising from the job search problem is denoted by ei (v, x). The value of
search is denoted by S i (v, x). And the job finding rate in the optimal submarket is denoted
by g i (v, x).
employee is different from that of a comparable male employee due to potentially lower job attachment.
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Similarly, the job search problem of a male worker with experience x and current value v is


m ′
max
µ
Θ
(v
;
x)
(v ′ − v).
′

(1.2)

v

The corresponding policy function, value of search, and job finding rate are em , S m , and
gm.
1.2.4. Value Functions
Unemployed workers consume b and keep searching for new jobs. The expected utility in
unemployment of a worker with experience x and type or gender i ∈ {h, l, m}, Vui (x),
satisfies


(ρ + d)Vui (x) = u(b) + S i Vui (x), x .

(1.3)

Given a wage tenure contract w(·), the value of employment of a worker who has current
tenure τ , work experience x0 when starting on the job, and type or gender i ∈ {h, l, m},
V i (τ |x0 , w), satisfies


(ρ + d)V i (τ |x0 , w) =u(w(τ )) + δ i (x0 + τ ) Vui (x0 + τ ) − V i (τ |x0 , w) +


S i V i (τ |x0 , w), x0 + τ + V̇ i (τ |x0 , w).

(1.4)

On the firm side, the value of a job is the expected present value of future profit flow.
Given a wage contract w(·), the value of a job matched with a worker with current tenure
τ , starting experience x0 , and type or gender i ∈ {h, l, m}, J i (τ |x0 , w), satisfies


ri (x0 + τ ) + g i V i (τ |x0 , w), x0 + τ





J i (τ |x0 , w) = y(x0 + τ ) − w(τ ) +
J˙i (τ |x0 , w),

(1.5)

where ri (x) := ρ + d + δ i (x).
Because of unobserved heterogeneity, female workers can misreport their type to search in
6

submarkets not intended for them. It is necessary to distinguish between the value delivered
to the intended type and the unintended type by the same wage contract. For the rest of
the paper, I will use V to denote the employment value of workers who truthfully report
their type when entering submarkets and U to denote the employment value of workers who
misreport their type. Similar to (1.4), the employment value of a contract w to a type-j
worker misreporting her type follows


(ρ + d)U j (τ |x0 , w) =u(w(τ )) + δ j (x0 + τ ) Vuj (x0 + τ ) − U j (τ |x0 , w) +


S j U j (τ |x0 , w), x0 + τ + U̇ j (τ |x0 , w).

(1.6)

1.2.5. Equilibrium
Definition. A competitive search equilibrium consists of (1) market tightness functions
Θi (v ′ ; x) and wage tenure contracts w(·|i, v ′ , x) over submarket indices (i, v ′ , x), i ∈ {h, l, m},
(2) search strategies ei (v, x), i ∈ {h, l, m}, (3) a pair of measures of male and female workers
{F m , F f } over male and female submarkets (4) a pair of fractions of the two types {λh , λl }
over female submarkets such that
(i) given Θi , ei (v, x) is the optimal job search policy of workers with type or gender i,
current value of employment or unemployment v, and current experience x,
(ii) given Θi and ei , w(·|i, v ′ , x) maximizes a firm’s expected profits from a match that
delivers v ′ to a type-i employee with experience x when starting on the job,
(iii) given Θi and wi , a firm’s expected payoff from posting a vacancy cannot exceed the flow
maintenance cost k, with equality in submarkets with positive tightness and worker
mass
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(iv) F i and λi are consistent with workers’ search behavior ei and the labor market clears:
Z

λi (v, x)dF f (v, x) = αi , i ∈ {h, l},
Z
dF m (v, x) = 1.

Part (ii) of the definition of equilibrium imposes restrictions on belief in submarkets outside
the equilibrium support of worker measure. It implicates that no off-equilibrium submarket
provides a higher value of search than the equilibrium value of search for any worker. The
restriction is similar to the refinement of equilibrium in Guerrieri et al. (2010) and Gale
(1996). As a result, it is without loss of generality to study separating equilibria.
Proposition 1. Any equilibrium either features firms posting separating contracts or is
payoff-equivalent to an equilibrium with separating contracts.
The result of separating contracts can be proven by contradiction. Suppose that some equilibrium contract attracts both types of female workers. A firm considers a deviating contract
that back-loads wage growth more and adjusts the wage level such that the more attached
type is indifferent between the original contract and the deviating contract. Because the two
types have different weights of future wages on the job, the less attached type finds the deviating contract worse than the original contract. Now consider the composition of workers
attracted by the deviating contract. To be attractive to the less attached type, the submarket of the deviating contract must have a higher tightness and hence a higher job finding
rate, which implies that the submarket offers a higher value of search to the more attached
type. This constitutes a contradiction to Part (ii) of the equilibrium definition. Therefore,
only high-attachment workers show up at the deviating submarket. Such a deviation can be
sufficiently small because of the nature of wage contracts and induces a nontrivial change in
applicant composition, allowing for a profitable deviation on the firm side. As a result, no
firm offers contracts that attract both types when they strictly prefer a certain type.

8

There might exist submarkets in which firms are indifferent between the two types. Because of the constant return to scale matching technology, a payoff-equivalent equilibrium
where every submarket features a separating contract can be constructed where the pooling
submarket is proportionally divided into two separating submarkets.
1.2.6. Optimal Contracts
Because it is without loss of generality to consider separating contracts in equilibrium, a
firm’s profit maximization problem can be characterized as maximizing the value of a match
with the intended type while excluding the other type. Specifically, in a submarket indexed
by (i, v0 , x0 ), the wage contract w must satisfy the other type j’s incentive compatibility
constraint:
n

 o
µ θi (v0 , x0 ) U j (0|x0 , w) ≤ min S j (v, x0 ) + µ θi (v0 , x0 ) v .
v

(1.7)

The incentive compatibility constraint implicates that no type-j female workers find it optimal to search in the said submarket.
Another constraint is the promise-keeping constraint that the contract must deliver v0 to a
matched female worker of the intended type i:

V i (0|x0 , w) = v0 .

(1.8)

And the firm maximizes the expected present value of future profit flow:
Z
max
w(·)

where γ i (τ |x0 , w) := exp{−

∞


y(x0 + τ ) − w(τ ) γ i (τ |x0 , w)dτ,

(1.9)

0



i (x +τ )+g i V i (s|x , w), x +τ ds} is the effective discountr
0
0
0
0

Rt

ing function. Suppose that the matching technology and the equilibrium market tightness
are such that the composite function µ(Θi ) is decreasing, concave, and continuously differentiable. The following proposition characterizes the optimal contract. See Appendix for
the proof.
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Proposition 2. If the composite function µ(Θi ) is decreasing, concave, and continuously differentiable, there exists some ζ ≥ 0 for any (i, v, x) such that the optimal contract w∗ (·|i, v, x)
satisfy


dw∗ (τ ) u′2 w∗ (τ ) n i
= ′′ ∗
J (τ |x0 , w∗ )gvi V i (τ |x0 , w∗ ), x0 + τ
dτ
u (w (τ ))
γ l (τ ) h j
−ζ h
δ (x0 + τ ) − δ i (x0 + τ )
γ (τ )

io
+ g j U j (τ |x0 , w∗ ), x0 + τ − g i V i (τ |x0 , w∗ ), x0 + τ
,

(1.10)

where ζ and the incentive constraint (1.7) have complementary slackness.
Note that if the incentive constraint of the unintended type is slack, the optimal contract
has a time derivative that is similar to Shi (2009):


u′2 w∗ (τ ) i
dw∗ (τ )
= ′′ ∗
J (τ |x0 , w∗ )gvi V i (τ |x0 , w∗ ), x0 + τ .
dτ
u (w (τ ))

(1.11)

In the absence of information frictions, the optimal contract is an increasing wage scheme
such that the rate at which workers leave the job for a new one decreases with tenure. An
increasing scheme rewards the workers with a long tenure. The optimal contract under full
information achieves efficient allocation between the firm and the worker.
In the presence of information frictions, the optimal contract is distorted from the full
information benchmark and the distortion results in more wage backloading as the additional
term in (1.10) is positive. The magnitude of the distortion depends on the difference in
h
l )
δ j (xτ ) −
valuation of future wages of the current job of the two types, as captured by γγh(τ
(τ )

i
δ i (xτ ) + g j U j (τ |x0 , w∗ ), xτ − g i V i (τ |x0 , w∗ ), xτ in (1.10).
The distortion due to adverse selection drives a wedge into the value sharing between the
worker and the employer in a match, making the contracts more costly to provide for the
employer than under complete information. As a result, there is less vacancy entry and hence
a lower hiring rate in equilibrium in a submarket affected by adverse selection than the com-
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parable male submarket which achieves efficient value sharing under complete information.
Taken together, both the retention effect of extra wage backloading and the equilibrium
result of lower hiring rates lead to lower job mobility for high-attachment women. As confirmed by the quantitative implications in the next chapter, lower female job mobility is an
important driver of the gender wage gap in early career, a period with active movements
across jobs.

1.3. Conclusion
In this chapter, I have proposed a novel mechanism behind the life cycle dynamics of gender
wage gap. Information asymmetry about female job attachment results in costly screening
on the firm side and the cost is passed onto female workers. As a result, female workers
are offered distorted wage contracts that suppress job-to-job mobility. Because job-to-job
transitions are an important source of lifetime wage growth, women miss out on across-job
wage gains and experience a slower pace climbing the job ladder.
The theoretical result of a principle offering deferred compensation scheme to separate agents
of heterogeneous attachment can have useful implications in other environments involving
long-term contracts and adverse selection. This paper shows that separating contracts are
generally offered in such settings because of the existence of directed search, in the spirit
of Guerrieri et al. (2010). This theoretical property can prove useful for analysis in similar
environments.
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CHAPTER 2
Job Attachment and Life Cycle Gender Wage Gap: An
Empirical Investigation
2.1. Introduction
In this chapter, I empirically investigate both the ex-ante and the ex-post impacts of the
gender differences in job attachment. While employment interruptions harm one’s career expost, uncertainty about female job attachment faced by employers during recruiting results
in costs borne by women ex-ante. The empirical and quantitative analyses in this chapter are
based on the theoretical framework presented in Chapter 1. I provide supporting empirical
evidence and quantitatively implement the model to assess the factors affecting the life cycle
gender wage gap. Using data from the National Longitudinal Survey of Youth 1979 cohort
(NLSY79), I document the life cycle gender differences in labor market transitions and wage
return to tenure. The theoretical model successfully generates a set of predictions that are
consistent with these empirical patterns. In the quantitative implementation of the model,
I show that lower female job mobility is an important source of the life cycle gender wage
differences. Lower job mobility results in slower ascension along the job ladder and a smaller
probability of being employed by high-value jobs among women compared with their male
countrparts.
I document the gender differences in labor market turnover and tenure effects using data from
NLSY79. I find persistent and increasing gender wage differentials over the life cycle, with
much of the divergence taking place over the first 15 years in the labor force. I then classify
labor market transitions and show that there are substantial gender differences in turnover
patterns, especially during the same period of a widening gender wage gap. While women
are more likely to experience employment interruptions with subsequent nonemployment
spells than comparable men, women also exhibit lower job-to-job mobility. I document
substantial heterogeneity on the individual level regarding job attachment and turnover,
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particularly among women. I show that women see higher wage growth associated with
tenure, suggesting stronger selection with respect to wage tenure profile among women than
comparable men.
I then quantitatively implement the model and explore its quantitative implications using
simulated work history data. The parameterized model generates gender differences in job
mobility and life cycle wage growth that are consistent with the empirical evidence. Women
experience lower lifetime wage growth than men, due to lower wage gains from moving to
better jobs. I rank jobs by the starting value of employment and find a substantial gender
gap in worker distribution along the job ladder. Lower job mobility and lower job attachment
result in women being retained at lower rungs of the job ladder than men, although they
catch up later in the life cycle. A counterfactual analysis shows that the differences in worker
distribution along the job ladder explain the majority of the life cycle gender wage gap.
This chapter contributes to the vast literature of gender differences in life cycle wage dynamics, recent examples including Card et al. (2016), Goldin et al. (2017), and Morchio
and Moser (2020). Bowlus (1997) and more recently Amano-Patiño et al. (2021) studied the effects of the gender differences in labor market turnover on the wage gap with a
random search framework. In this chapter, I investigate not only the ex-post, direct impacts of women’s frequent job separations, but also the ex-ante, indirect costs generated by
employers’ response to uncertainty about women’s job attachment.
The rest of the chapter is organized as follows. In the next section, I present a set of
empirical patterns from NLSY79 that support the assumptions and validate the predictions
of the theoretical framework of Chapter 1. Section 3 quantitatively implements and assesses
the model. I conclude in the last section.
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2.2. Empirical Evidence
2.2.1. Data and Sample
I use detailed survey data on individual labor market histories from a sample of workers in the
National Longitudinal Survey of Youth 1979 cohort (NLSY79). The NLSY79 data consists
of a national representative sample of respondents born during the years 1957 through 1964.
The sample period used in this paper is 1979-2017, with certain variables collected before
1979. Respondents were 14-22 years old in 1979, and 52-60 years old in 2017. The surveyors
conducted interviews annually from 1979 to 1994, and biennially thereafter. There are 27
survey rounds during the sample period.
The survey collects retrospective weekly labor market status in between survey rounds. It
also collects employment and demographic information of the respondents at each survey
round. The sample excludes individuals who finished schooling before 1975 due to a lack
of information on prior work history. Because many respondents were still in school at the
beginning of the sample period, I start tracking an individual’s work history only at the
time of the first non-school spell that last for more than 18 months. Observations where
respondents are in military service are dropped. Because of the detailed information, I am
able to track individuals over the life cycle, which means that I can construct actual work
experience and track worker-employer matches over time. I call a worker-employer match
“a job".3
I construct from the survey two datasets of labor market information, a weekly panel of labor
market status and a yearly (biennial after 1994) panel of employment, and demographic
information.
The labor market status panel is an unbalanced panel of 12,229 individuals over a maximum
of 2,082 weeks. For each week, survey respondents report on their labor market status:
employed, unemployed and looking for work, unemployed and not looking for work, and
3

I am not able to track employers over time or across individuals in NLSY79. If an individual returns to
an employer after having left the job, the new match cannot be linked to the old match in the data.
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indeterminate. I aggregate the two categories of unemployment into a single category called
nonemployment.
The employment panel is an unbalanced panel of 10,249 individuals over 27 survey rounds.
Since respondents might hold multiple jobs in between rounds, a main job is assigned to
each person-round observation by selecting the job that has the most hours worked per week
during the period. Hourly real wage is trimmed by 0.5% on both tails. Individuals with less
than 5 entries out of the 27 survey rounds are excluded.
2.2.2. Gender Wage Gap over the Life Cycle
Among the cohort in the sample, there exist persistent gender differences in hourly wage,
as shown in Figure 2.1. The average gender wage gap widens over the life cycle, rising from
18.2% during the first year of their career to 27% with 29 years in the labor force. The gap
rises steadily during the first 20 years in the labor force and levels towards the later stage
of the career.

Figure 2.1: Life Cycle Gender Wage Gap
The left panel shows the average log real wage (in 2015 dollars, trimmed by 0.5%) by gender over
years in the labor force. The right panel shows the scatter plot of the differences between the male
and female lines in the left panel by years in the labor force, with the red line representing the local
weighted average gender wage differences.
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2.2.3. Labor Market Transitions
Following Royalty (1998), I define two types of labor market transitions. Employment-tononemployment (EN) transitions are job moves with an intervening nonemployment spell of
more than 4 weeks. Job-to-job (JtJ) transitions are job moves with an intervening nonemployment spell of no more than 4 weeks. Table 2.1 presents the summary statistics of the
transitions identified in the sample.
EN transitions and JtJ transitions are associated with vastly different duration and wage
implications. EN transitions tend to have much longer nonemployment duration in between
employment spells, and the difference between post-transition and pre-transition wages is
much smaller in an average EN event than an average JtJ event. Although detailed wages
right before and right after transitions are not available in the data, the pattern of wage
change is consistent with a literature that documents wage losses associated with job losses
and wage gains associated with job moves.4
Table 2.1: Summary Statistics of Labor Market Transitions
All

Women

Men

21,285
45.7
5.48%

11,760
57.0
6.11%

9,525
34.0
4.88%

15,074
1
14.07%

6,589
0.9
13.35%

8,485
1
14.61%

EN Transitions
Number of observations
Average duration of intervening nonemployment (weeks)
Average across-job wage change (nearest survey round)

J2J Transitions
Number of observations
Average duration of intervening nonemployment (weeks)
Average across-job wage change (nearest survey round)

Note: Averages are trimmed at 2.5% on both sides. Pre- and post-transition wages are the hourly wage
reported in the survey rounds closest to the transitions.

The frequency of labor market transitions differs substantially by gender. Figure 2.2 plots
the average annual rate of EN and JtJ transitions over age by gender. At all ages, women
tend to make more EN transitions and yet fewer JtJ transitions than men. The gender
differences are the most pronounced among prime-age workers.
4

For recent related papers, see Jarosch (2021) and Hahn et al. (2021).
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Figure 2.2: Annual Rates of Job Transitions
The left panel shows the average annual rate of employment-to-nonemployment transitions by gender
over age. The right panel shows the average annual rate of job-to-job transitions by gender over
age. In both panels, the green lines with circles represent the female sample and the blue lines with
squares represent the male sample.

The impact of the gender differences in turnover on the wage gap is twofold. First, nonemployment spells are detrimental to job prospects, whose negative effects exacerbate with
frequency and duration. Women experience more EN transitions in a given year, with an
average duration twice that of men. Second, job-to-job transitions are an important source
of wage growth, especially in early career. Workers move up the job ladder through “shopping" for betters jobs. Lower job mobility among women implicates lower gains from job
shopping.
2.2.4. Individual-Level Turnover
The gender differences in transitions are robust to controlling for a number of factors that
might affect worker turnover. To establish robustness, I introduce the following specification
of transition probabilities for worker i in year t:

1it (Transition) = αi + γt + Xit β + ϵit ,
where

(2.1)

1it (Transition) is an indicator for whether a transition occurs, αi is the person fixed

effect, γt is the year fixed effect, and Xit are the controls. The controls include job tenure,
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work experience, education attainment, race, marital status, full-time or part-time status,
occupation, and industry. Equation (2.1) is estimated separately for EN transitions and
JtJ transitions on the main jobs. The estimates of interest are the estimated person fixed
effects, α̂i , which measure the individual tendency of experiencing transitions of a certain
type. In Figure 2.3, I plot the cumulative distributions of the estimated person fixed effects
by gender from the two regressions. The female EN fixed effect stochastically dominates
the male EN fixed effect, and the pattern reverses for the JtJ fixed effect. That is, despite
the inclusion of a number of controls, women display higher tendency for EN transitions
and lower tendency for JtJ transitions than comparable men. Observable factors such as
occupation composition cannot fully explain the gender differences in labor market turnover.

Figure 2.3: C.D.F.s of Personal Fixed Effects in Job Transition Regressions
The left panel shows the cumulative distributions of the estimated person fixed effects by gender from
the EN regression. The right panel shows the cumulative distributions of the estimated person fixed
effects by gender from the JtJ regression. In both panels, the orange lines represent the estimates
for female respondents and the blue lines represent the estimates for male respondents.

2.2.5. Return to Tenure
Next, I examine wage growth on the job, specifically the part of wage growth associated
with job tenure. I estimate the following wage equation for worker i in year t:

log(Real Wageit ) =

τ̄
X

1{Tenureit = τ } · ητ + αi + γt + Xit β + ϵit ,

τ =0
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(2.2)

where 1{Tenureit = τ } is an indicator for whether job tenure is τ years, αi is the person fixed
effect, γt is the year fixed effect, and Xit are the controls. I estimate the tenure coefficients
both in a naive regression without controls in Xit and a regression with controls including
experience, education, race, marital status, full-time or part-time status, occupation, and
industry.
Figure 2.4 presents the estimates of tenure coefficients ητ from (2.2), with η0 normalized
to 0. In both regressions, long job tenure is found to be associated with high wage return
to tenure, which is as expected since higher reward to tenure helps retain workers from
moving to other jobs. What is noteworthy is the gender difference in wage return to tenure:
the return is stronger for women than men, with or without controls, suggesting stronger
selection regarding wage tenure profile among women.

(a) Return to tenure, without controls

(b) Return to tenure, with controls

Figure 2.4: Wage Return to Tenure
The two panels show the estimated tenure coefficients over job tenure by gender in (2.2). The left
panel shows the coefficients obtained from the regression without controls. The right panel shows the
coefficients obtained from the regression with controls. In both panels, the green lines with circles
represent the female coefficients and the blue lines with squares represent the male coefficients.

2.3. Quantitative Implementation
In this section, I simulate the model and discuss its quantitative implications.
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2.3.1. Functional Forms
I assume the following functional forms in the quantitative implementation. The output
function is increasing in experience x from an initial value y0 to a limit value y∞ :
y(x) = y∞ − (y∞ − y0 )e−βx .

(2.3)

The measure of matches is a constant return to scale function of the measures of applicants
and vacancies, (a, v):
 1
1 − ψ1
.
M (a, v) = p̄ ( )ψ + ( )ψ
a
v

(2.4)

Workers’ flow utility is a constant relative risk aversion (CRRA) function of consumption c:

u(c) =

c1−η
.
1−η

(2.5)

Lastly, the exogenous rate of separation among men is an eighth-order Chebyshev polynomial
with respect to experience x, fitted to male EN rates in the data. By construction, highattachment women have the same EN rate function. Given the composition of high- and lowattachment women, I am able to trace out the implied EN rate function for low-attachment
women.
2.3.2. Parameters
In the quantitative model, one period is a month. Table 2.2 summarizes the parameters
that are fixed without calibration. Time preference ρ is set to 0.004 to be consistent with
an annual risk-free rate of 5%. The rate of permanent exit d is set to 0.002 so that the
average career lasts for 40 years. The growth rate of worker productivity is 0.046 such
that workers are within less than 0.0001% from maximum productivity with 25 years of
work experience. Risk aversion η is set to a conventional value of 2, and the elasticity of
the matching function ψ is set to 1.599 following Schaal (2017). The flow payoff of home
production, b, is normalized to 0.4.
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Table 2.2: Parameters Fixed before Calibration
Parameter

Description

Value

ρ

Time preference

0.004

d

Rate of exit

0.002

β

Productivity Growth

0.046

η

Risk aversion

ψ

Elasticity, matching function

b

Home production

2
1.599
0.4

The parameters that can be calibrated are: the maximum and the minimum of output y∞
and y0 , the fraction of high-attachment female workers αh , the scale coefficient of matching
function p̄, and the flow cost of vacancy maintenance, k. Table 2.3 summarized the parameter
values used in this implementation.
Table 2.3: Calibration Parameters
Parameter

Description

Value

y∞ , y 0

Output function

αh

Fraction of h-type female workers

0.9

p̄

Matching efficiency

0.5

κ

Vacancy-posting cost

1, 1.3

2

2.3.3. Wage Growth and the Job Ladder
I simulate the monthly work histories of 2,000 individuals over 50 years with 1,000 of each
gender from the parameterized model. I examine the contribution of labor market events to
wage growth at different stages of the life cycle. Three types of events are considered: jobto-job transitions, employment spells, and unemployment shocks. The wage change before
and after the events are aggregated by event type over three stages in the life cycle. Figure
2.5 displays the breakdown by gender. In both gender groups, most of the lifetime wage
growth takes place in the early stage of the career, with job-to-job transitions being the
most important factor. There is a substantial gender differential in the wage gains from
job-to-job transitions. While across-job wage growth amounts to 6% of the average initial
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(a) Women

(b) Men

Figure 2.5: Sources of Wage Growth over the Life Cycle
The two panels show the breakdown of cumulative wage growth at different stages of the life cycle.
Wage growth is attributed to three sources: job-to-job (J2J) transitions, on-the-job (OTJ) spells,
and reemployment with interim unemployment spells (Unemp). The left panel represents women
and the right panel represents men. Wage growth is presented as a percentage of the average starting
wage of the first job in the career from the simulated sample.

wage for women in the first ten years of the career, the same number for men is 15%, more
than twice of the gains among women.
Lower job-to-job mobility among women also negatively impacts their positions on the job
ladder, consistent with the predictions of the model. In Figure 2.6, I present the distribution
of workers over the job ladder by gender. The job ladder is constructed by ranking jobs by
the starting value of employment delivered to employees. As shown in Panel (a) of Figure
2.6, a larger mass of early-career (0-15 years) female workers work at jobs at the bottom
rungs of the ladder compared with men. Panel (b) of Figure 2.6 shows that these differences
diminish as women catch up subsequently in the career as the gender differences in job
attachment decrease over time.
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(a) 0-15 Years in Labor Force

(b) 15-30 Years in Labor Force

Figure 2.6: Job Ladder
The two panels show the worker distribution over job ranking by gender. The left panel shows
the distributions among workers with 0-15 years in the labor force, and the right panel shows the
distributions among workers with 15-30 years in the labor force. The vertical axis in each panel
shows the quantiles of jobs by the starting value of employment. In both panels, the green bars on
the left represent women and the blue bars on the right represent men. The total mass by gender is
one in each panel.

2.3.4. Decomposing the Life-Cycle Gender Gap
The model stipulates that the wage of a worker, given his or her gender and type, is determined by three state variables: work experience, job tenure, and the starting value of the
current job. The gender differentials in the distributions of the three key variables are important in accounting for the wage gap. I measure the effect of each variable by calculating
the counterfactual wage gap under the same joint distribution of the other two variables and
different marginal distributions of the variable in question. Details of the decomposition can
be found in the Appendix.
Figure 2.7 displays the life cycle decomposition of the female-male wage differentials. Each
line depicts a counterfactual gender wage gap if the distribution of one of the wage determinants is allowed to differ by gender. The residual wage gap after accounting for the three
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variables represents the average gender difference in wage for men and women of the same
state variables, which I call the “net wage gap".
Consistent with the gender differences on the job ladder, value of employment is the major
contributor to the life cycle gender gap. Much of the gender wage gap is due to women
being retained at worse jobs than men. On the contrary, tenure positively contributes to
female-male wage differentials because high-attachment women tend to stay on their current
jobs to claim the return to long tenure.

Figure 2.7: Decomposition of the Life Cycle Gender Wage Gap
The figure shows the breakdown of the average female-male wage differentials over the life cycle
into four parts: the gender differentials in experience distribution, the gender differentials in tenure
distribution, the gender differentials in employment value distribution, and the residualized wage
difference between women and men with the same state variables.

2.4. Conclusion
In this chapter, I have provided empirical evidence supporting the assumptions and predictions of the theory in Chapter 1. The calibrated model replicates the empirical gender
differentials and confirms the crucial role of job mobility in explaining the gender wage gap.
A promising next is to examine the role of policy interventions. The equilibrium can be
inefficient if low-attachment workers only constitute a small fraction of the labor force. Re26

gardless of the fraction, high-attachment women bear the same cost of screening as long as
there is uncertainty about their job attachment. Policy such as tax credits that subsidize
newly created matches should encourage firms to offer higher hiring rates and better terms
to female applicants as they are compensated for jobs with shorter durations.
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CHAPTER 3
Compensation Structure and Adverse Selection in Alternative
Work Arrangements
3.1. Introduction
The rise of alternative work arrangements has transformed the landscape of work relations
around the world. Alternative work arrangements are flexible, task-based, and save employers costs of retaining full-time employees (Abraham et al. (2018)). An increasing fraction
of the labor force is engaging in work that requires no long-term commitment, has flexible
schedules, and is done on an independent basis. The increasing adoption of new technology
allows gig work platforms like Uber to connect supply and demand remotely, in the absence
of centralized workplaces or close human supervision. Therefore, motivating workers through
the design of compensation structure is crucial for alternative work arrangements. Gig work
platforms invest heavily in data and technology to assign work and adjust compensation
schemes in real-time. In this chapter, I investigate the design of compensation structure and
the effects of adverse selection among workers under alternative work arrangements.
In this chapter, I explore the optimal choice between the two commonly used compensation
schemes: a proportional bonus contract versus a lease contract. Many gig work platforms,
such as Uber and Airbnb, have adopted a commission-based compensation scheme. Another
popular compensation scheme is to sell the project to workers and allow them to keep all
the proceedings, such as medallion rentals for taxi drivers. Under a bonus contract, workers
share the output of the task with the firm while subject to interaction with the rest of the
firm’s organizational structure. Under the lease contract, a task is bought out by a worker,
who carries out the task independently and keeps the entirety of the output. While the
former arrangement provides risk-averse workers with valuable risk sharing, it also makes
the worker subject to additional risks intrinsic to the firm’s organization, which do not affect
workers who buy out the tasks. For example, ride-hailing drivers work under a commission-
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based compensation scheme, each trip regulated by the rideshare platform. The effects of
centralized ride assignment and pricing by the platform on driver revenue can be uncertain in
the dynamic market of ride-hailing. In a comparison, taxi drivers rent or purchase medallions
for the right to drive and retain all the earnings, working when and where they would like
without the additional risks coming from a centralized organization.
The tradeoff between risk sharing and organizational uncertainty determines which compensation structure is adopted. Oftentimes, employers face two more challenges: 1) heavy
reliance on compensation schemes to motivate worker effort when output is risky, and 2)
asymmetric information about workers’ marginal product. I propose a model to study how
a firm should optimally design alternative work arrangements to tackle these concerns. In
the model, a risk-neutral firm owns a task whose completion requires labor input from a
risk-averse worker. The output of the task is uncertain due to a risk intrinsic to the production process, or the “production risk”, and a risk that stems from the task’s interaction with
the rest of the firm, or the “organizational risk”. The latter risk can be avoided if the firm
sells the task to the worker to allow the worker to produce with full ownership of the task.
The firm considers two kinds of work arrangements. Under the first kind, the firm employs
the worker and takes a predetermined share of the final output net of worker compensation. The firm compensates the worker with a base salary plus a bonus proportional to the
final output, providing insurance against output uncertainty. The worker’s optimal effort
increases with the bonus rate. Alternatively, the firm can sell the task to the worker in
exchange for an unconditional amount of transfer. The worker then carries out the task
independently, the output of which is not subject to the organizational risk, but the worker
is exposed to the entirety of the production risk. I show that the firm prefers lease contracts if: 1) the organizational risk is sufficiently large relative to the production risk; 2) the
marginal product of worker effort is sufficiently high; 3) the worker is sufficiently risk-loving.
The wage rate per unit of effort under the lease contract can be lower than under the bonus
contract when the worker’s outside option or the risk composition limits how much effort
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the firm can induce from the worker for a given amount of income uncertainty.
In the same setup, I also study the effects of asymmetric information on work arrangements
when workers have private information about their productivity. High-type workers have
higher marginal product of effort than low-type workers. The firm offers a menu of two
contracts, one for each type. I find that adverse selection reduces the firm’s ability to induce
worker effort when the worker is low-type. Specifically, adverse selection limits the firm’s
use of lease contracts for low-type workers, because the firm tends to lower the correlation
between compensation and output for low-type workers such that high-type workers would
not choose the contract intended for the low type. As a result, low-type workers tend to
be under-incentivized in most scenarios where both types are employable to the firm. The
firm is always willing to employ high-type workers and yet may exclude low-type workers
in certain parameter spaces. I characterize all the contract menus that the firm may adopt
and derive the firm’s payoff in each scenario.
This chapter studies the interaction of moral hazard and adverse selection in contracting
problems. The literature on the dual problem goes back to early works such as McAfee
and McMillan (1986) and Baron and Besanko (1987) and has been revisited with much
generality in recent works such as Chade and Swinkels (2016), and Gottlieb and Moreira
(2021). Chade and Swinkels (2016) show that the moral hazard problem and the adverse
selection problem can be decoupled under general assumptions. Compared to their setup,
my model incorporates a novel option for the principle to sell the task to the agent, adding to
the trade-off between effort induction and screening. Gottlieb and Moreira (2021) show that
it is optimal for the principle to offer a single contract to risk-neutral agents with limited
liability under mild assumptions. I study the design of contracts for risk-averse workers
without limited liability, where separating contracts can arise in much of the parameter
space. Benabou and Tirole (2016) show that a monopolistic firm under-incentivizes lowskill agents under asymmetric information. A similar result emerges in my model when
there is no exclusion of the low type, and a menu of separating contracts is adopted.
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This chapter is also related to a growing literature on alternative work arrangements. Katz
and Krueger (2019) document the increasing importance of alternative work arrangements
in the US labor market from 1995 to 2015. Angrist et al. (2021) study an experiment to offer
commission-based Uber drivers the option of a lease and show that drivers tend to avoid
lease contracts even when it is profitable. In my model, I show that from the employer’s
perspective, lease contracts tend to be avoided for low marginal product workers due to
adverse selection.
The rest of the chapter is organized as follows. The next section describes the setup of
the model environment. Section 3 discusses the optimal bonus scheme under complete
information. Section 4 discusses the optimal lease contract under complete information.
Section 5 examines the effect of asymmetric information on the design of contract menus. I
conclude in Section 6.

3.2. The Environment
I consider a static environment where a risk-neutral firm arranges for a risk-averse worker
to conduct a task. If the worker rejects, her value in nonparticipation is U . If the worker
accepts, she chooses the amount of effort d ∈ R+ dedicated to the task given her marginal
product θ ∈ R+ . I assume that θ is sufficiently high such that there always exists a positive
surplus under the work arrangements I discuss in this chapter, a condition that I formally
characterize later. Later in this chapter, I will discuss how assumptions regarding the
information on productivity θ play out in different scenarios. One interpretation of the
setup can be that the effort is hours worked, and the marginal product is the marginal
output per hour. The output of the task, y, is determined by the worker’s productivity θ,
her effort d, and an output shock u ∼ N (0, σ 2 ):

y = θd + u.

When the task is completed, the output is publicly observed by both parties. However,
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the firm observes neither the worker’s effort d nor the realized output shock u. The output
shock consists of two independent components. One is intrinsic to the production of the
task, referred to as the production risk and denoted by up . And the other is associated
with the organization of the firm, referred to as the organizational risk and denoted by uf .
The firm-specific component can be interpreted as the output interaction of the task with
other operations within the firm. Whether the task ends up complementing or disrupting
the other operations is an uncertainty that the firm needs to take into account. I assume
that up ∼ N (0, σp2 ), and that uf ∼ N (0, σf2 ). And hence u ∼ N (0, σ 2 ), where σ 2 = σp2 + σf2 .
The worker’s utility consists of utility generated by consumption and disutility incurred by
effort. The risk-averse worker values consumption and dislikes uncertainty in consumption. I
assume that the expected utility generated by lottery x is E[x]−ρV ar(x)/2. The disutility is
increasing and convex in the effort level d. I assume that the amount of disutility associated
with effort level d is ξd2 /2.
Note that for normally distributed lotteries, the functional form of the expected utility is
consistent with an underlying, constant-absolute-risk-aversion utility function u(x) = −e−ρx .
The log-transformed expected utility function gives −log(−E[u(x)])/ρ = E[x] − ρV ar(x)/2,
if x ∼ N (E[x], V ar(x)). It will become clear later that the consumption shocks under the
employment arrangements that I discuss in this chapter are indeed normally distributed.
The timeline is as follows: 1. the firm and the worker agree to a contract; 2. the worker
carries out the task; 3. final output is determined by the worker’s productivity and action,
as well as the realized output shock; 4. division of output and transfers take place between
the match according to the contract.
The firm considers two types of employment contracts. The first type features a base salary
and a bonus associated with the final output, motivated by the commonly used bonus
contracts. The second one entails the worker making a deterministic transfer to the firm
and keeping all final output, in the spirit of outsourcing arrangements for freelancers and
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gig workers.

3.3. Bonus Contract
The worker chooses an effort level to maximize her expected utility under contract (s, b):

max s + bθd − ρb2 σ 2 /2 − ξd2 /2.
d

The optimal effort level is given by
d∗ (s, b) = θb/ξ,

(3.1)

which increases with the worker’s effective wage rate and decreases with the worker’s distaste
for effort. Accordingly, the worker’s expected income is

s + θ2 b2 /ξ.

And the worker’s expected utility is

V (s, b) = s +

θ2 b2 ρσ 2 b2
−
.
2ξ
2

(3.2)

Given (3.1) and (3.2), the firm’s expected profit under bonus contract (s, b), Π(s, b), is

Π(s, b) =

θ2
θ2
b(1 − b) − s = b −
ξ
ξ



θ2
ρσ 2
+
2ξ
2



b2 − V (s, b).

(3.3)

The result in (3.3) characterizes the value sharing between the firm and the worker, where
 2

2
2
expected total surplus θξ b − θ2ξ + ρσ2 b2 , which is expected output net of disutility from
risks and effort, is divided into the worker’s expected value V and the firm’s expected value
Π.
Note that if θ2 /ξ ≥ ρσ 2 , there always exists positive match surplus for any bonus rate lower
than one.
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For the analysis of bonus contracts, I focus on the simple scheme of a base salary plus a
bonus proportional to the final output.
The firm’s problem is to find a proportional bonus contract that maximizes its expected
profit:
max θd − s − bθd,
s,b

subject to
d = θb/ξ,

(3.4)

s + bθd − ρb2 σ 2 /2 − ξd2 /2 ≥ U .

(3.5)

The firm’s optimal bonus rate is

bf =

θ2

θ2
,
+ ρξσ 2

(3.6)

and the base salary sf is such that the worker’s participation constraint (3.5) holds.
The optimal bonus rate bf is lower than one. Because of the worker’s risk aversion, it is
optimal for the firm to not load all the output risk on worker compensation. The privately
 2

2
2
optimal bonus rate bf also maximizes the joint surplus, θξ b− θ2ξ + ρσ2 b2 , out of all bonus
contracts.
Under the firm’s optimal bonus contract (sf , bf ), the firm’s expected profit is
θ2
Π(s , b ) = bf −
ξ
f

f



θ2
ρσ 2
+
2ξ
2



2

bf − V (sf , bf ) =

θ4
− U.
2ξ(θ2 + ρξσ 2 )

3.4. Lease Contract
Under a lease contract, the firm sells the task to the worker for a deterministic price, and
the worker keeps whatever output the task generates while not subject to the organizational
risk. I refer to such an arrangement as a lease contract. That is, the new output function
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under this arrangement does not contain the organizational risk term uf :

ỹ = θd + up .

When carried on by the worker independently, the output of the task is no longer subject
to interactions with the firm’s operation, and therefore the worker is not exposed to the uf
shock.
A lease contract effectively has a bonus rate of 1. Given the worker’s optimal effort decision
setting b = 1 in (3.1), for the worker to receive expected utility V under the lease contract,
the price of the task charged by the firm is

p(V ) =

ρσp2
θ2
−
−V,
2ξ
2

(3.7)

which is also the firm’s expected profit under such an arrangement. And accordingly, the
worker’s expected total compensation given the outside option U is
ρσp2
θ2
+
+ U.
2ξ
2

Under the lease contract, the worker keeps the task output, bears all the production risk,
and exerts the most effort. As a result, the expected task output is higher than under the
bonus contract. The bonus contract stipulates a smaller share of the total risk but makes the
task subject to the organizational risk. The firm chooses whichever contract that generates
the higher expected profit. Proposition 3 characterizes the firm’s optimal choice of work
arrangement.
Proposition 3. The firm prefers the optimal lease contract if and only if the lease contract
is also the efficient contract, i.e.,
σp2
θ2
≥ ρσ 2 2 .
ξ
σf
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(3.8)

Proof. The firm chooses the lease contract if and only if the corresponding expected profit,
p(U ), is no less than that under the bonus contract (sf , bf ). That is,
ρσp2
θ2
θ2
−
− U ≥ bf −
2ξ
2
ξ



θ2
ρσ 2
+
2ξ
2



2

bf − U

After canceling U on both sides, the inequality above means that the joint surplus is larger
under the optimal lease contract. Plugging in bf from (3.6) and rearranging the terms in
(3.8).

Proposition 3 shows that the firm chooses the optimal lease contract when the organizational
risk is sufficiently high relative to the production risk; marginal product is sufficiently high;
marginal disutility from effort is sufficiently low; risk aversion is sufficiently low. Taken
together, lease contracts are adopted for tasks where effort is crucial for output and where
the organizational risk is substantial.
Next, I compare the expected compensation to effort ratio, which is a notion of the expected
effective wage rate, under the two work arrangements in Proposition 4.
Proposition 4. The worker receives a lower effective wage rate under the lease contract
than under the bonus contract if and only if

U>

θ2 σp2
2ξ σp2 + σf2

(3.9)

That the outside option U appears on the (3.9) highlights how a higher U limits the firm’s
ability to induce more effort from the worker and hence leads to a higher expected income
per unit of effort. And similarly, lower marginal product θ, higher distaste for effort ξ, or
a higher organizational risk relative to the production risk limits the firm’s effort induction
too.
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3.5. Adverse Selection
I then consider the design and choice between work arrangements when the worker’s marginal
product θ is her private information. The firm knows that with probability qH , the worker
has high marginal product θH , and that with probability qL she has low marginal product θL .
In practice, employers do acquire information on potential hires’ productivity by learning
about their education and employment history, etc., and yet these measures are not perfect.
The information problem characterized here, therefore, speaks to the residual productivity
that cannot be directly measured and contracted. Put differently, we focus on the firm’s
contracting problem with a group of observationally identical workers. The firm offers a menu
that consists of two contracts, one for each worker type. The contracts are characterized by
the bonus rate b, where lease contracts have a bonus rate of one, and the worker’s valuation
V.
First, note that a lease contract is preferred to any bonus contract with a bonus rate of one
because it removes the organizational risk without affecting the worker’s effort response. I
introduce the following notation that treats the lease contract as a special case where the
“effective bonus rate” is one. The firm’s expected profit as a function of the effective bonus
rate b and the worker’s expected utility V is, for i ∈ {H, L}.

Πi (b, V ) =


 2
2


 θi b − θi +
ξ
2ξ
2


 θi −
2ξ

ρσp2
2

ρσ 2
2



b2 − V, if b ̸= 1,

− V, if b = 1.

Recall the worker’s response to the effective bonus rate is linear as in d∗ (b) = θb/ξ, given her
marginal product θ. Under the same work arrangement, the levels of expected utility for a
high-type worker and a low-type worker differ in output consumption, bθd∗ (b), and disutility
2 − θ 2 )/(2ξ). Therefore, the
of effort, ξd∗2 (b)/2, making the total difference in value b2 (θH
L
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incentive constraints for workers to choose their intended contracts from the menu are

VH ≥ VL +

2 − θ2
θH
L 2
bL ,
2ξ

(3.10)

VL ≥ VH −

2 − θ2
θH
L 2
bH .
2ξ

(3.11)

and

I will discuss the case where the firm finds it optimal to only attract one type, but for now,
I focus on the case where the firm is willing to attract both types. The firm maximizes the
expected profit generated by a menu given the worker’s optimal response in (3.1):

max
si ,Vi

X

qi Πi (bi , Vi ),

i∈{H,L}

subject to the incentive constraints (3.10) and (3.11) and the participation constraints for
both types
Vi ≥ U , i ∈ {H, L}.
If neither of the incentive constraints binds, both types expect to receive U from the contracts
offered by a profit-maximizing firm. However, under the same compensation scheme, a
high-type worker receives higher utility than a low-type worker. Therefore, the incentive
constraint for high-type workers must bind. And the firm’s profit-maximizing implies that
the participation constraint of low-type workers binds. Taken together, the two binding
constraints imply that a high-type worker commands an information rent of

2 −θ 2
θH
L 2
2ξ bL

in

utility.
Having set up the firm’s problem, I am able to characterize the menu of work arrangements
that the firm adopts in different parametric spaces. The first observation is that in the event
that bonus contracts are adopted for both types, the contracts must be separating contracts,
as stated in the proposition below.
Proposition 5. The firm never offers a pooling bonus contract where bH = bL ̸= 1 that
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attracts both types.

Proof. Suppose that the firm offers the same bonus rate bH = bL ̸= 1. The firm’s optimal
bonus contract lies on the continuous, differentiable segment of its expected profit function.
By the reasoning above, the incentive constraint for the high type and the participation
constraint for the low type bind. Solving the firm’s problem yields the optimal bonus rates

bH =

2
θH
2 + ρξσ 2 ,
θH

the same as its full-information benchmark, and

bL =

2
θL
2 + ρξσ 2 + qH (θ 2 − θ 2 ) .
θL
L
qL H

(3.12)

The bonus rate for the low type is distorted from and lower than its full-information counterpart bL =

2
θL
2 +ρξσ 2 ,
θL

so as to keep the high type from taking up the contract intended for

the low type. More importantly, bL < bH , which contradicts the supposition that both types
are offered the same bonus contract.

The second observation is that the firm never adopts a menu that features a bonus contract
for the high type and a lease contract for the low type, as stated in the proposition below.
Proposition 6. The firm never uses a menu that sells the task to the low type and offers a
bonus contract to the high type.

Proof. Proof. I prove this by contradiction. If such a menu is used, the incentive constraints
of the two types imply the following inequalities:

VH ≥ VL +
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2 − θ2
θH
L
,
2ξ

(3.13)

VL ≥ VH −

2 − θ2
θH
L 2
b̃H ,
2ξ

(3.14)

Where denotes the bonus rate for the high type, and VH and VL denote the expected utility
delivered to the high type and the low type respectively. By the same reasoning as the
bonus menu case, if neither incentive constraint binds, both types receive U from the profitmaximizing firm, which cannot be true because then the high type would be better off taking
the low-type contract. Therefore, the high type’s incentive constraint (3.13) must bind.
For the two inequalities to hold at the same time, b̃H must be no less than one. However,
b̃H ≥ 1 is a contradiction. I first discuss the case where b̃H > 1. Recall that the firm’s
expected profit as a function of worker value V and bonus rate b in (3.3) is quadratic in b
and is strictly decreasing in b at b = 1. Therefore, by decreasing b̃H by a small amount such
that (3.14) still holds and at the same time increasing the base salary to keep the worker’s
value at VH , the firm implements a profitable deviation.
Next, consider the case where b̃H = 1. Again, there exists a profitable deviation for the firm.
The firm finds it more profitable to switch to the lease contract from the bonus contract
for high-type workers because doing so gets rid of the organizational risk while keeping the
effective bonus rate at 1. Therefore, the firm can extract a higher expected profit from such
a switch while promising the same level of expected utility to high-type workers.

Another result is that the firm cannot offer both types lease contracts while also distinguishing them. This is because both types would then choose the less expensive lease given the
same effective bonus rate of one.
Proposition 7. The firm never offers separating lease contracts.
Next, I discuss the potential contract menus that the firm may adopt. First, note that the
firm may find it optimal to not attract both types. If the probability of the worker being
low-type is quite small, the cost of offering separating contracts outweighs the benefits of
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learning about the worker’s type. In this case, the firm would offer the same bonus contract
or lease contract as the full-information benchmark for high-type workers as the only option
on the menu, excluding low-type workers because they receive less than non-participation.
The firm’s expected profit generated by a menu with a bonus contract intended for the high
type, (bfH , U ) and (bfH , U −

2 −θ 2
θH
L f
2ξ bH ),

is

qH (

2
θH
bf − U ).
2ξ H

And the firm’s expected profit generated by a menu with a lease contract intended for the
high type, (1, U ), is
qH (

2
ρσp2
θH
−
− U ).
2ξ
2

In the event that the firm finds it optimal to attract both types, the firm adopts a menu
that features separating bonus contracts, a combination of a high-type lease contract and
a low-type bonus contract, or a pooling lease contract. The firm’s expected profit in each
case is displayed below.
The firm’s expected profit generated by a menu of two bonus contracts, (bfH , U +

2 =θ 2
θH
L
2ξ bL )

and (bL , U ), is

qH

2
θ2
θH
bfH + qL L bL − U .
2ξ
2ξ

The firm’s expected profit generated by a menu of a lease contract for the high type and a
bonus contract for the low type, (1, U +

qH

2 =θ 2
θH
L
2ξ bL )

and (bL , U ), is

2 − ρξσ 2
θH
θ2
p
+ qL L bL − U .
2ξ
2ξ

Compared with the menu of two bonus contracts, the combination of a lease contract and a
bonus contract is preferable under the same condition where the lease contract is preferable
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to the bonus contract for the high type with full information, characterized in Proposition
3.
The firm’s expected profit generated using pooling lease contracts, (1, U +

2 =θ 2
θH
L
2ξ )

and (1, U ),

is

2
ρσp2
θL
−
− U.
2ξ
2

In the end, the firm chooses the menu that delivers the highest expected profit out of the
five menus above. Like in the full-information environment, the firm tends to adopt lease
contracts when the organizational risk is disproportionally large and vice versa. And the
firm tends to offer different terms to distinguish workers when the probability of the worker
being high-type is sufficiently large.

3.6. Conclusion
This chapter discusses the use of bonus schemes and lease contracts in alternative work arrangements. Moral hazard problems and adverse selection problems are important concerns
in these arrangements, and this chapter considers them jointly. Employers choose between
the two schemes by trading off risk sharing and organizational uncertainty. The former
tends to be adopted when risk sharing between employers and employees is valuable, and
the latter is chosen when organizational structure adds too much uncertainty to task output.
Effort motivation is crucial for both schemes, but asymmetric information about workers’
marginal product restricts the use of lease contracts, which is higher-powered, among low
marginal product workers, leading to efficiency loss. This result highlights the interaction
between moral hazard and adverse selection in task-based, lightly supervised work.
An important issue that is left out of this chapter is workers’ valuation of flexibility and
autonomy. Empirical works find that gig workers dislike the stress of working under schedules
set by others (Mas and Pallais (2017)) or under the sunk costs of lease contracts (Angrist
et al. (2021)). Future work can be done on quantifying the cost of organization risks to
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contrast with the cost of inflexibility documented by the related works.
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APPENDIX A
Proof of Proposition 2
Recall that g i is the job finding rate of the optimal submarket for type-i workers to search
in and that g i is a function of the worker’s current value of employment or unemployment,
v, and current experience, x:

g i (v, x) := pi (ei (v, x), x),

where pi (·) is the job finding rate derived from the matching technology and ei (·) is the
policy function of workers’ job search problem. Also recall that S i (·) denotes the value of
job search.
Let τ denote job tenure. In a submarket intended to deliver V̄ to type-i applicants with
current experience x0 , the firm maximizes the expected present value of profits by selecting
a wage-tenure contract w(·):

max J i (0|x0 , w) =

Z

w(·)

∞

[y(x0 + τ ) − w(τ )]γ i (τ )dτ

τ =0

s.t.

γ̇ i (τ ) = − γ i (τ )[ρ + d + δ i (x0 + τ ) + g i (V i (τ ), x0 + τ )]
V̇ i (τ ) = − u(w(τ )) + (ρ + d)V i (τ ) − δ i (x0 + τ )[Vui (x0 + τ ) − V i (τ )]
− S i (V i (τ )|x0 + τ )
U̇ j (τ ) = − u(w(τ )) + (ρ + d)U j (τ ) − δ j (x0 + τ )[Vuj (x0 + τ ) − U j (τ )]
− S j (U j (τ ), x0 + τ )
V i (0) =V̄
n S j (v, x )
o
0
+
v
.
v∈Ypi µ(θ i (v̄, x0 ))

V j (0) ≤min

I define Ū := min

v∈Ypi

n

S j (v,x0 )
µ(θi (v̄,x0 ))

o
+ v , which represents the value delivered to workers of the

unintended type j if the incentive constraint binds.
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The Hamiltonian of this problem can be formulated as:
Hτ :=[y(x0 + τ ) − w(τ )]γ i (τ ) − χγτ [ρ + d + δ i (x0 + τ ) + g i (V i (τ ), x0 + τ )]
n
+ χiτ (ρ + d)V i (τ ) − u(w(τ )) − δ i (x0 + τ )[Vui (x0 + τ ) − V i (τ )]
o
− S i (V i (τ ), x0 + τ )
n
+ χjτ (ρ + d)U j (τ ) − u(w(τ )) − δ j (x0 + τ )[Vuj (x0 + τ ) − U j (τ )]
o
− S j (U j (τ ), x0 + τ ) ,
where χγ , χi , and χj are multipliers of the contemporaneous constraints.
The first order conditions follow:
∂H
= − γ i (τ ) − χi (τ )u′ (w(τ )) − χjτ u′ (w(τ )) = 0
∂w
1
χiτ + χjτ
=− ′
(A.1)
⇒
γτi
u (w(τ ))
∂H
= − χγτ γ i (τ )gvi (Vτi , x0 + τ ) + χiτ [ρ + d + δ i (x0 + τ ) − Svi (Vτi , x0 + τ )]
∂V i
By the Envelope Theorem, partial derivative Svi = −g i . Recall that I define rτi := ρ + d +
δ i (x0 + τ ) for exposition. Then I have
∂H
= −χγτ γτi gvi (Vτi , x0 + τ ) + χiτ [rτi + g i (Vτi , x0 + τ )] = −χ̇iτ .
∂V i

(A.2)

Similarly,
∂H
=χjτ [rτj + g j (Uτj , x0 + τ )] = −χ̇jτ
∂U j
Z τ
j
j
⇒ χτ =χ0 exp[−
(rsj + g j (Vsj , x0 + s))ds].
0
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(A.3)

Lastly,
∂H
= y(x0 + τ ) − w(τ ) − χγτ [rτj + g i (Vτi , x0 + τ )] = − χ̇γτ
∂γ i
⇒ [y(x0 + τ ) − w(τ )]γτi + χγτ γ̇τi = − χ̇γτ γτi .

(A.4)

From (A.4), I obtain
d γ i
(χ γ ) = − [y(x0 + τ ) − w(τ )]γτi
dτ τ τ
Z
∞

[y(x0 + s) − w(s)]γsi ds + χγs γsi |s→∞

χγτ γτi =

τ

=J i (τ |x0 , w)γτi

(A.5)

Plugging (A.5) into (A.2), I get

−J i (τ |x0 , w)γτi gvi (Vτi , x0 + τ ) + χiτ [rτi + g i (Vτi , x0 + τ )] = − χ̇iτ
⇒ −J i (τ |x0 , w)gvi (Vτi , x0 + τ ) −

χiτ γ̇τi
= − χ̇iτ /γτi .
(γτi )2

After rearranging the terms, I obtain
d χiτ
( ) =J i (τ |x0 , w)gvi (Vτi , x0 + τ )
dτ γτi
Z τ
χiτ
=
J i (s|x0 , w)gvi (Vsi , x0 + s)ds + χi0 .
γτi
0

Now that properties of the multipliers are established, I take the time derivative of (A.1):
d χiτ
d χjτ
u′′ (w(τ )) dw(τ )
( i )+
( i ) = ′2
.
dτ γτ
dτ γτ
u (w(τ )) dτ
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(A.6)

Knowing that (A.3) stipulates
χjτ
=χj0 exp[−
γτi

Z

τ

(rsj − rsi + g j (Usj , x0 + s) − g i (Vsi , x0 + s))ds]

0

γτj
=χj0 i ,
γτ
and
d χjτ
γτj
( i ) = −χj0 i [rτj − rτi + g j (Uτj , x0 + τ ) − g i (Vτi , x0 + τ )].
dτ γτ
γτ

(A.7)

Plugging (A.7) into (A.6), I obtain,
j
dw(τ )
u′2 (w(τ )) n i
j γτ j
i
i
= ′′
J (τ |x0 , w)gv (Vτ , x0 + τ ) − χ0 i [rτ − rτi + g j (Uτj , x0 + τ )
dτ
u (w(τ ))
γτ
o
− g i (Vτi , x0 + τ )] .

The last step is to establish that χi0 = ζ. The Lagrangian of the firm’s problem is
L =

Z

∞

(Hτ − χγτ γ̇τi − χiτ V̇τi − χjτ U̇τj )dτ + ζ[Ū − U j (0)] + ξ[V i (0) − V̄ ],

0

where ζ and xi are the multipliers of the time-0 incentive constraint and the time-0 promisekeeping constraint.
Consider an admissible perturbation to Uτj , Uτj + ∆Vτj , that obeys the constraint. The
perturbation yields
Z
∆L =

∞

(
0

∂H
j
∆Uτj + χ̇jτ ∆Uτj )dτ − χi∞ ∆U∞
+ χj0 ∆U0j − ζ∆U0j .
∂U j

j
Since χj∞ = 0 and ∆U∞
is bounded, χi0 = ζ, the multiplier of the time-0 incentive constraint.
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APPENDIX B
Decomposition of Gender Wage Gap
Let superscript F denote functions of the female population and M denote functions of the
male population. Function w̄ is the expectation of wage in a population. I use f to denote
F
the probability density functions. For example, fx|t,v
represents the conditional distribution

of experience x given tenure t and starting employment value v in the female population,
and fvM (v) represents the partial distribution of starting employment value v in the male
population. The full decomposition of the mean gender wage gap follows (B.1).

w̄F −w̄M
Z nZ hZ
i
o
F
F
=
w̄F (t, v, x)fx|t,v
(x|t, v)dx ft|v
(t|v)dt fvF (v)dv
v
Z nt Z hx Z
i
o
M
F
−
w̄F (t, v, x)fx|t,v
(x|t, v)dx ft|v
(t|v)dt fvF (v)dv
Zv n Zt h Zx
i
o
M
F
+
w̄F (t, v, x)fx|t,v
(x|t, v)dx ft|v
(t|v)dt fvF (v)dv
Zv n Zt h Zx
i
o
M
M
−
w̄F (t, v, x)fx|t,v
(x|t, v)dx ft|v
(t|v)dt fvF (v)dv
Zv n Zt h Zx
i
o
M
M
+
w̄F (t, v, x)fx|t,v
(x|t, v)dx ft|v
(t|v)dt fvF (v)dv
Zv n Zt h Zx
i
o
M
M
−
w̄F (t, v, x)fx|t,v
(x|t, v)dx ft|v
(t|v)dt fvM (v)dv
Zv n Zt h Zx
i
o
M
M
+
w̄F (t, v, x)fx|t,v
(x|t, v)dx ft|v
(t|v)dt fvM (v)dv
Zv n Zt h Zx
i
o
M
M
−
w̄M (t, v, x)fx|t,v
(x|t, v)dx ft|v
(t|v)dt fvM (v)dv.
v

t

(B.1)

x

Using the simulated sample, I estimate the density functions assuming multivariate normal
distributions. The mean wage functions are constructed with the equilibrium wage contracts
of the quantitative model. Because female workers are heterogeneous by assumption, the
mean wage function in the female population accounts for the fractions of high- and lowattachment women.
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